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Rusvsell‘and Bufch in 1959 orlglnattncepts ;of 3R

in ‘The Principles of Humane Experimental Technique’

An alternative method allows:
» Replace animal testing

»Reduce the use of animals in specific tests
» Refine a technique to improve animal welfare

Laboratory animals in science is a subject of intense public debate
based on legal, moral, and ethical assessments



The societal context

* Very active animal welfare groups,
some of wich are "extremist"

* Press compaigns and political lobbying

e Parliamentary investigations: OPECST
report 21 mars 2019
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The societal context The regulatory cont X1
Directive 2010/63/EU on the protection of

* Very active animal welfare groups, animals used for scientific purposes:
some of wich are "extremist" « Applies to all uses (basic, applied research,
* Press copaigns and political lobbying efficacy and hazard assessment of
substances)

* Parliamentary intestigations: OPECST

e Applies to vertebrate animals, including
report 21 mars 2019

embryonic forms and cephalopods
CHOT SCIENTIFIQUES ET TECHNOLOGIOUES e Reinforces the 3Rs principle

sssss

Problem of the reliability of the methods
already developed ?

Need to develop new alternative

"THE USE OF ANIMALS IN RESEARCH methods and strategy
AND ALTERNATIVES TO ANIMAL

EXPERIMETATION: CURRENT SITUATION 1
AND PERSPECTIVES"

OPECST: Office parlementaire d’évaluation des choix scientifiques et NQW ApprQaCh MetthQngIES (NAMS) 4

technologiques
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Two main definitions
(CEl, Octobre 2020)

a. The cells self-organise

(1) in vitro into a 3D structure
characteristic of the organ in vivo, (2)
the resulting structure is made up of
multiple cells present in that particular
organ (3) and the cells perform at least
some of the functions that they
normally perform in that organ.

b. Organoids are 3D structures derived
from stem cells or progenitor cells that,
at a certain point in time progenitor
cells that, on a much smaller scale,
recreate important aspects of the 3D
anatomy and multicellular repertoire
of their physiological counterparts, and
can recapitulate basic tissue functions.
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Provides an environment
similar to in vivo conditions

Type Advantage Disadvantage
Tissue like flexibility .
Hydrogel Easily supplies water-soluble Lofe::; T\a;:cal
factors to cells
Vanous]‘;e mj:rdlals can Difficulty in
Solid scaffold Physical strength is homogeneous dispersion
easily adjusted of cells
Provides complex Decrease of mechanical
. . . . properties (roughness,
Decellularized biachemistry, biomechanics elasticity, and tension

strength) of the tissues as
compared to the
native group
Difficulty in mass
production
Lack of uniformity
between spheroids
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Park et al., Int. J. Mol. Sci., 2021
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Zink et al., Trends in
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* Cell-seeded multiwell plate Computational analysis

* Exposure of cells to compounds HTS: High-Throughput Screening
Trends in Molecular Medicine




. ADVANTAGES AND LIMITATIONS OF CE

Advantages
Cost effective

Higher/high throughput

Human cells applicable:
eliminates interspecies
variability

Suitable for supporting
personalized therapies
(patient-specific iPSCs and
cancer organoids)

Suitable for detailed
examination of toxicity
mechanisms/easy
experimental manipulation

Limitations

No pharmacokinetics/toxicokinetics
Not all mechanisms of toxicity can be
covered: limited possibilities to

address complex mechanisms of
organ damage

Limited possibilities to address
interactions between different cell
types in tissues

Limited possibilities to address
organ-to-organ interactions

Cellular functions may be altered

The concentration response of cells
may be altered

LL-BAS

EDIN

TN .

Potential solutions
Combination with PBPK/TK modeling

More complex organotypic models
and use of complementary in vitro
assays that cover different
mechanisms of organ damage

Coculture models and iPSC-derived
organoids

Multiorgan MPS

Improved cell and cell culture models

Improved cell and cell culture models
and use of scaling factors in PBPK/TK
modeling-based reverse dosimetry

VITRO METHODS 3

Zink et al., Trends in Molecular Medicine, 2020
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- EXEMPLE: HUMAN PLURIPOTENT STEM CELL-DERIVED ORGANOIDS AS MODEL}
" OF LIVER DISEASE

Step-wise generation of hepatic organoids
Advantages of system
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DRUG-INDUCED
CHOLESTASIS DECAY

Incubation of organoids with free fatty acid—enriched media resulted in
structural changes associated with nonalcoholic fatty liver disease, such as
decay of bile canaliculi network and ductular reactions. Organoids
incubated with free fatty acids had gene expression signatures similar to
those of liver tissues from patients with NASH.

The organoids organized a functional bile
canaliculi system, which was disrupted by
cholestasis-inducing drugs such as troglitazone.

HO will be an excellent platform for dissecting the mechanisms underlying these pathologic aspects of NAFLD that have
been largely unexplored because of the lack of relevant human in vitro models.



k. ALTERNATIVES METHODS VALIDATED: CHEMICAL SAFETY ASSESSMENT 3

Genotoxicity

P

Corrosion/irritation

Phototoxicity

S

06
0000006

Toxicity data generally required in regulatory dossiers of chemical substances

Required toxicity data (by endpoint)

OECD test guideline methods
using animals

Animal-free OECD test guideline
methods

Acute toxicity (3 routes)

401, 402, 403, 436, 425, 423, 420, 433

Irritation/corrosion (eye and skin)

404, 405

460, 437, 438, 491, 492, 430, 431,435, 439

Sensitization 406, 429, 442A, 4428 442C, 442D, 442E
Repeated dose toxicity 407, 408, 409, 410, 411, 412, 413, 452

Genotoxicity 488, 489, 483, 478, 475, 474, 473, 485, 484 | 471, 490, 487, 476
Carcinogenicity 451, 453

Reproductive toxicity 443, 414, 415, 416

(fertility and developmental toxicity) (421 and 422 for screening only)

(Neurotoxicity)? 424,419, 418, (426)

2 Only few regulations and directives require neurotoxicity data.

Hering al'et al., ALTEX, 2019
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Omics technologies

Regulatory Toxicology and Pharmacology 125 (2021) 105020

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

ESE[R journal www.elsevier. yrtph

Commentary

Progress towards an OECD reporting framework for transcriptomics and
metabolomics in regulatory toxicology

Joshua A. Harrill "', Mark R. Viant™® !, Carole L. Yauk """, Magdalini Sachana®,
Timothy W. Gant', Scott S. Auerbach £, Richard D. Beger ", Mounir Bouhifd’, Jason O’Brien’,
Lyle Burgoon ¥, Florian Caiment', Donatella Carpi ™, Tao Chen", Brian N. Chorley?,
John Colbourne ¢, Raffaella Corvi™, Laurent Debrauwer ™°, Claire O’Donovan”, Timothy M.
D. Ebbels 9, Drew R. Ekman ', Frank Faulhammer °, Laura Gribaldo™, Gina M. Hilton !,
Stephanie P. Jones’, Aniko Kende ", Thomas N. Lawson ¢, Sofia B. Leite ™, Pim E.G. Leonards ",
Mirjam Luijten ", Alberto Martin 2, Laura Moussa*, Serge Rudaz **>®, Oliver Schmitz *",
Tomasz Sobanski, Volker Strauss®, Mon}ca Vaccari *, Vikrant Vijay ", Ralf J.M. Weber >,
Al e a . m

*Receptor- +Gene *Altered «Lethality Increased
ligand activation physiology «Impaired predation
interaction +Protein «Disrupted development +Decreased

*DNA-binding production homeostasis «Impaired population

«Protein «Altered «Altered reproduction trajectory

tissue
development
/function

oxidation signalling

P, [m“.] ]| S iy ssems

medical research, product/
Q drug development, etc.

Regulatory decision making:

Human health and ecological
- @ risk assessment, product
Six): Response-respor AO: registration, etc.
MIE: Molecular Initiating Event KE: Key Event

= Key Event Relationship

The AOP framework is being increasingly
promoted as a useful tool for different
applications in regulatory hazard and
risk assessment of environmental
stressors, as well as in research.
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SKIN SENSITIZATION AND AOP

& Properties

Chemical Structure ¢

Molecular
Initialing Event

)

Cellular Response ¢

Organ Response

Organism
Response

Corsini at al., Archives of Toxicology, 2018
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covalent keratinocytes haptened protein by PR U
A o 15 X
1 Sead | riezmesing s | ctowingreamosr
(" Elecrophilic B \_ Key Event 3 proliferation of 'tr?cs:?::ae:ic;::i;ﬁ
substance: directly specific T cells
i\ s death
or via auto- Activation of
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metabolsm focs [ Adverse Outcome |
\_ , \
| l ]
Adverse Outcome Pathway and associated assays
Protein binding | Keratinocyte Activation of T-cell proliferation Allergic contact
activation Dendritic cells dermatitis
DPRA . LLNA
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e TG 442€ OECD 406
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LD e it itlr S Proliferation assay
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(OECD) Properties i

activation

Fol S e

from Kimber et al., Tox. Sciences (2011)
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Lymph node
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Local lymph node assay (LLNA) >

Clouet at al., Archives of Toxicology, 2019
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Clouet at al., Archives of Toxicology, 2019 15



DNA-

Genes expression on

Clouet at al., Archives of Toxicology, 2019
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-ON-A-CHIP ?

[ Microfluidic \

Organ-on-a-Chip

Tissue engineering is the set of
techniques used to understand
the relationships between the
structures and functions of
normal and pathological
mammalian tissues, in order to
develop biological substitutes
that can restore, maintain or
improve tissue functions.

Experimental controllability and reproducibility

3D cell culture Animal models
>

Physiological relevance and complexity

Ma et al., Trends in Pharmacology Sciences, 2021
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TISSUE ENGINEERING: ORGAN-ON-A-CHIP

Organ-on-a-chip devices aim
to mimic the architecture
and function of an organ by
combining 3D bioengineered
constructs .

oo
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Blood—-brain barrier
permeability
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Toxicity of inhaled
compounds

Cardiotoxicity

Nephrotoxicity

Anticancer
prodrug activation

Metastasis

Toxicity of
anticancer drugs
on other organs

ADMET models

Clinical bone
marrow toxicity

The efficacy and
side-effects
of drugs

Picollet-D’haban et al., Trends in Biotechnology, 2021

cross-organ communications & systemic dimension
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TISSUE ENGINEERING: ORGAN-ON-A-CHIP ?

(A) Multicompartment liver—kidney combination in a
plate format for studying the metabolism of vitamin D3.

(C) Two-way communication between lung and liver
models for toxicity studies using a multi-OoC plate that
incorporates liver spheroids and a differentiated lung
epithelium cultured under air-liquid interface conditions.

(D) Tilting platform for dynamic medium perfusion in a
multi-OoC plate containing spheroid models of liver and
colorectal cancer.

Picollet-D’haban et al., Trends in Biotechnology, 2021
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ORGAN-ON-A-CHIP: A NEW PARADIGM FOR DRUG DEVELOPMENT?

Organ-on-a-Chip Platforms in Preclinical Drug Development

Early drug discovery Preclinical screening and testing Preclinical trial and translation
Basic research Disease modeling ‘ Lead optimization PK/PD study Efficiency Toxicity (E) A liver lobule-on-a-chip
(A) A PDAC-on-a-Chip with a biomimetic (A) PDAC-on-a-Chip: Tumor-driven hypovascularity ‘Human-on-a-Chip (E) Liver lobule-on-a-Chip: comprising a liver cord
PD7591 HUVECs DAPI 5

Drug-drug interaction . . .
g d, LG ITLErActons (green) and a liver sinusoid

(red) was applied to analyze
adverse drug reactions
induced by drug-interactions

vascular  network (HUVECs) and Cross saction
pancreatic cancer duct (PD7591 cells)
revealed the Activin-ALK7 pathway as a -

hypervascularity mechanism for PDAC. e AT

(F) Multisensor-integrated
organs-on-chips platform
Peristaltic pump

1% Organ
Module  Bubble Trap//-

/ \ Bloelectro 4\/ (F) A multi-organ platform
A0 A\ ~chemical | . . q

/] ] SensingMﬂdu}% / integrated with a multiplex
A T S 2 35 biomarker analysis module

was developed to monitor

(B) A bioengineered glioblastoma brain
tumor model with biomimetic tumor—

immune—vascular interactions . .
demonstrated  that blockade  of ot O o | Ilver' _ toxicity and
immunosuppression  contributed by = i Fard'OtOX'C'tY mec!lated by
tumor-associated macrophages The actual setup +— G interorgan metabolism.

improved the response to anti-PD-1
immunotherapy.

Turnor associated macrophages
AV reservoir Kidney chip

(D) Flrst -pass muItH)rgan chip: Predicting PK values of nicotine

Fresh blood
substitute
medium

(C) NSLC-on-a-Chip: Mechanical forces regulated tumor | |/
ormancy and treatment resistance |

(C) A NSCLC-microenvironment model Calts — Epithelium
study found that mechanical forces
during lung breath may promote
dormancy and drug resistance of NSCLC
cells

Smm

jothelium

Ma et al., Trends in Pharmacology Sciences, 2021

PDCA: pancreatic ductal adenocarcinoma
HUVEC: human umbilical vein endothelial cells
NSCLC: non small-cell lung cancer
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Organ-on-a-Chip Platforms in Preclinical Drug Development

Early drug discovery Preclinical screening and testing Preclinical trial and translation

Basic research Disease modeling | Lead optimization PK/PD study ||

Human-on-a-Chip

Efficiency Toxicity |

(A) PDAC-on-a-Chip: Tumor-driven hypovascularity

PD7591 HUVECS DAPL

(E) Liver lobule-on-a-Chip:
Drug-drug interactions
o

\

18 gord)

Pancreatic

Biomimetic
cancer duct bl

lood
vessel

(F) Multisensor-integrated
organs-on-chips platform
Peristaltic pump

Sensing Module

ne interactions:

Physical,
Sensing Module ||

The actual setup 3

/

/‘ \

/ N

(D) First-pass multi-organ chip: Predicting PK values of nicotine
o Liver chip AV reservoir Kidney chip

Tumor associated macrophages

(C) NSLC-on-a-Chip: Mechanical forces regulated tumor Fre:: blood
dormancy and treatment resistance | ‘:‘;I'f’f

e OO Epithalium

S a— s

Ma et al., Trends in Pharmacology Sciences, 2021

Dose-response
models

Computational
methods

Disease and adverse

Pathway event data

analyses

Mutation
analyses

AO 1 _l .1

INDIVIDUAL

Chemical risk

Protein-Protein POPULATION assesment

interactions

MOLECULE

Gene
Omics expression
technologies ) e

#Time s
# Dose

#Cellline ¢

# Species

New substance

Aguayo-Orozco et al., Current Opinion in Toxicology, 2019
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